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INTRODUCTION

CHENG ET AL.

improve treatment outcomes. In this article, we tried to determine the impact of differ-
ent prognostic factors for OSCC patients who received adjuvant radiotherapy (RT)
after curative surgery, using Taiwan’s national cancer registry database (TCR). A
nationwide, large population-based study was conducted using TCR with patients
identified from 2007 to 2015. The study variables included age, gender, cancer sub-
sites, stage, histology grade, margin and extra-nodal extension (ENE) status, treat-
ment type, surgery to RT interval (ORI), total RT treatment time (RTT), and RT dose.
Univariate and multivariate analysis were performed to identify predictors of the vari-
ables associated with overall survival (OS), cause-specific survival (CSS), local-
regional relapse-free survival (LRFS), and distant metastasis-free survival (DMFS).
8986 OSCC patients treated with surgery and adjuvant RT were analyzed. In multi-
variate analysis, worse outcomes were associated with males, older age, subsite in the
oral tongue, advanced stage, higher histologic grade, involved margin, and positive
ENE. ORI only showed an adverse trend in LRFS, when exceeding 7 weeks (P = .06).
RTT >8 weeks was a significant poor predictor in OS, CSS and LRFS (P < .001).
Extreme RT dose (>70 Gy or <50 Gy) also demonstrated an adverse impact on the
outcomes. Prolonged RT treatment time and extreme RT doses were identified as
significantly poor prognostic predictors in OSCC patients who received adjuvant RT
after curative surgery.
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factors remain controversial and there are ambiguous results
for outcomes in historical series. It is therefore pivotal to

In Taiwan, the incidence of oral cancer is high (21.54/100 000
in 2014) and it accounts for nearly 70% of newly diagnosed
head and neck cancers. In 2014, it was the fifth leading cause
of cancer death noted in the Taiwan Cancer Registry Annual
Report.1 Generally, radical surgery remains the main treat-
ment for patients with resectable oral cavity squamous cell
carcinoma (OSCC). In several clinical trials, adjuvant radio-
therapy with or without chemotherapy in patients with un-
favorable pathological findings has been shown to improve
disease control and survival.>? Although combinations of
therapeutic protocols have improved the outcomes and qual-
ity of life, the mortality and morbidity rates of resected OSCC
are still high.

OSCC is a multifactorial disease. The associated re-
search literature has focused on searching for independent
factors or groups of factors which impact on prognosis for
OSCC patients.“’5 However, most studies were of small
sample sizes or mixed head and neck cancer entities and not
exclusively limited to OSCC, which may have contributed
to difficulties in interpretation of data. Additionally, some

conduct an accurate risk assessment of site specific OSCC
patients by accessing a systemic investigation to improve
treatment outcomes.

The nationwide Taiwan Cancer Registry database (TCR),
which has been run for over 30 years by the Health Promotion
Administration, Ministry of Health and Welfare, Taiwan,
has provided much of the essential foundation for academic
research and cancer control policy in Taiwan. Using the da-
tabase, we sought to create more predictive, preventive, per-
sonalized, and participatory healthcare.® Since 2002, the TCR
database has included a newer dataset of detailed information
on cancer stages, treatment approaches, and tumor relapses,
achieving more refined record of patient status. Until now, this
database collects data from all the major hospitals in Taiwan
and captures an estimated over 98% of newly diagnosed OSCC
cases.

In this article, we tried to raise a large population-based
study by examining the impact of different factors in progno-
sis for OSCC treated with radical surgery and adjuvant RT
using the national Taiwan Cancer Registry database.
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Untreated primary OSCC (N =31 358)
Not eligible (n=18457)
Stage IVC (M1) (n =568)
No R/T or only received (n=17 884)
brachytherapy
Received R/T during first treatment
course (n=12906)
Not eligible (n=3915)
No surgery (n=2367)
Received R/T before surgery  (n =888)
»| Other R/T modalities (n=54)
R/T dose < 45 Gy (n =474)
R/T to unknown site (n=5)
Missing or error data (n=132)
FIGURE 1 CONSORT diagram of

the patients selection through the study

Included in survival analysis (n = 8986)

2 | PATIENTS AND METHODS

2.1 |

Using the TCR database, 31 358 patients diagnosed with
OSCC between 2007 and 2015 were identified. The enrolled
oral cavity cancer subsites included lip cancer (C00.0; C00.1;
C00.2; C00.3; C00.4; C00.5; C00.6; C00.8; C00.9), tongue
cancer (C02.0; C02.1; C02.2; C02.3; C02.8; C02.9), gingi-
val cancer (C03.0; C03.1; C03.9), floor of mouth cancer
(C04.0; CO04.1; C04.8; C04.9), hard palate cancer (C05.0;
C05.8; C05.9), buccal cancer (C06.0; C06.1; C06.2), and
other forms of oral cancer (C06.8; C06.9) [ICD-O-3 codes
(International Classification of Diseases for Oncology, third
Edition)]. Patients receiving adjuvant RT with/without chem-
otherapy after curative surgery were included. Exclusion cri-
teria included previous cancer and RT history before OSCC
diagnosed, nonsquamous histology, initial metastatic disease
(stage IVC) and patients who receiving brachytherapy only.
Those missing data on any of the variables and with unknown
recurrent site were also excluded. To minimize the effect of
the RT dose, we only included patients receiving an RT dose
of 45 Gy or more. All data was validated till the end of 2016.
A CONSORT diagram illustrating the cohort selection is pro-
vided in Figure 1. The study was reviewed and determined to
have exempt status by the Research Ethics Committee of the
National Health Research Institutes (EC1050804-E).

Selection of patients

2.2 | Study variables

The study variables, including age at diagnosis, gender, oral
cavity subsites, histology grade, AJCC stage, treatment type,

margin status, ORI, RTT, and ENE status were all collected
from the TCR database. Tumor staging was according to the
American Joint Committee on Cancer (AJCC), sixth and sev-
enth Edition staging guidelines.”® Data on the ENE status was
only available from 2011 onwards, when this data was first
included in collection for the national dataset. Consequently,
ENE variables are made in another analysis. ORI was defined
as the time interval between the day of surgery and initiation
of adjuvant radiotherapy, and RTT was defined as the overall
RT treatment time period. The primary outcomes were over-
all survival (OS) and local-regional free survival (LRFS).
By virtue of access to existing data, cancer-specific survival
(CSS) and distant-metastasis free survival (DMFS) were also
analyzed, as recurrence and cause of death are also recorded
in the TCR database.’

23 |

All survival times were calculated from the date of surgery.
Cumulative survival plots for the study endpoints with differ-
ent variables were evaluated with univariate analysis using
the Kaplan-Meier method. To test statistically significant dif-
ferences between curves, the log-rank test was used. All the
variables included in the univariate analysis are also included
in the final multivariate model as the statistical specialist sug-
gested. The multivariate analysis using the Cox proportional
hazards regression model was performed to identify covari-
ates that were significantly associated with the aforemen-
tioned endpoints (OS, CSS, LRFS, and DMFES). All results
were expressed as hazard ratios (HRs) with 95% confidence
intervals (CIs). All statistical analysis was performed using
SAS software, version 9.4 (SAS Institute Inc., Cary, NC).

Statistical analysis
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TABLE 1 Characteristics of patients (n = 8,986; 2007-2015) TABLE 1 (Continued)
No. of No. of
Covariate cases Percent Covariate cases Percent
Gender Male 8310 92.5 RT dose 45 <= Dose <= 50 Gy 130 1.4
Female 676 7.5 50 < Dose <= 60 Gy 2308 25.7
Age <40 870 9.7 60 < Dose <= 70 Gy 6115 68.1
40-49 2643 204 Dose > 70 Gy 433 4.8
50-59 3219 35.8 AJCC, American joint committee on Cancer; CCRT, concurrent chemoradiation
60-69 1627 18.1 therapy; CT, chemotherapy; OP, operation; ORI, OP-RT interval; RT, radiother-
apy; RTT, RT treatment time.
270 627 7.0
Subsit B 1 2767 30.8 . . .. .
Hoae .ucca mneosa Two-tailed P values <.05 were considered statistically sig-
Lip 221 25 nificant. The first failure pattern results of all patients in the
Oral tongue 3213 358 study were also roughly calculated.
Gum 1414 15.7
3t f th 4.
oor of mou 389 3 3 | RESULTS
Hard palate 206 2.3
Other parts of mouth 776 8.6 3.1 | Patient characteristics and initial
AJCC Stage Stage I 503 5.6 treatment approach
Stage II 1056 138 Patient characteristics were summarized in Table 1. From
Stage I 1703 19.0 2007 to 2015, 8986 patients with primary OSCC receiving
Stage IV (M0) 5724 63.7 adjuvant radiotherapy after curative surgery were analyzed.
Differentiation ~ Well 2145 239 At the end of 2016, there were 5508 (61.3%) surviving pa-
Moderate 5653 62.9 tients and the median follow-up time among them was
Poorly or 1069 119 53.4 months (range 12.0-119.7 months). Patient age ranged
undifferentiated from 19 to 91 years (median: 52). The population was pre-
Unknown 119 13 dominantly male with 8310 (92.5%) males, and 676 (7.5%)
. i females (male/female ratio 12.3:1). The most common sub-
Margin status Negative 8155 90.8 K K
- site of the population was oral tongue (n = 3213, 35.8%), fol-
Positive 831 — lowed by buccal mucosa (n = 2767, 30.8%), gum (n = 1414,
Extranodal Negative 4048 450 15.7%), floor of mouth (n = 389, 4.3%), lip (n = 221, 2.5%)
extension Positive 1427 159 and hard palate (n = 206, 2.3%). The proportions of patho-
Unknown (before 3511 39.1 logical stages for stages I, II, III, and IV were 5.6%, 11.8%,
2011) 19.0%, and 63.7%, respectively. Pathological positive mar-
Treatment type  Surgery -> RT 2865 31.9 gin after surgery was documented in 831 (9.2%) patients.
Surgery -> CCRT 5546 61.7 ENE data was retrieved only from 2011 to 2015 with a total
Surgery -> RT + CT 418 47 number of 5475 (negative n = 4048, 45.0% and. p031t.1ve
P 3 o RT . e n = 1427, 15.9%) (Table 1). Treatment parameters including
S urgery - °
e treatment type, ORI, RTT, and RT dose were also summa-
OP-RT interval ORI <4 wk 1704 19.0 . .
rized in Table 1.
4 < ORI <5 wk 2243 25.0
5 < ORI <6 wk 2769 30.8 . . o
. 9 | 3.2 | Patient and disease characteristics
< ) . .
6 <ORI<Tw o 03 related to survival analysis
ORI > 7 wk 1346 15.0
RT time RTT <6 wk 1621 18.0 The K?plan-Meler survival curves of 5-year OS' anc.l LRFS
according to tumor stage and grade were shown in Figure 2.
6 < RTT <7 wk 4574 50.9 . . . . .
Univariate analysis of the patient and disease characteris-
7 <RIT <8 wk 1790 199 tics for the OS, CSS, LRES, and DMFS rate are shown in
RTT > 8 wk 1001 11.1

(Continues)

Table S1. In the multivariate analysis, age >70, subsite of
oral tongue, stage III or IV, higher histological grade and sur-
gical margin were all identified as poor prognostic factors
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B OS by Grade
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Time (mo)
No. at risk
Well 2145 1935 1482 1163 917 681
Moderate 5653 4798 3407 2601 1981 1474
Poorly 1069 814 528 380 289 207
D LRFS by Grade
100
P <.0001
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No. at risk
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Moderate 5352 3202 2560 2066 1352 824
Poorly 981 503 368 291 176 102

FIGURE 2 Kaplan-Meier plots of the 5-y overall survival (OS) and local-regional free survival (LRFS) stratified by disease characteristics.
OS according to cancer stage (panel A) and according to tumor grade (panel B); LRFS according to cancer stage (panel C) and according to tumor

grade (panel D)

for both the OS and CSS. Male gender showed a statistically
significant adverse impact not only on the OS but on CSS. In
multivariate analysis of LRFS, male, stage III or IV, higher
grade and surgical margin all significantly impacted the out-
come, while stage III or IV and higher grade were significant
in DMFES (Table 2). In analysis of patients from 2011, ENE

positive also showed significant impacts on all the survival
outcomes (P < .001) in multivariate analysis. An additional
supplement, which outlines not much decisive change after
incorporating the ENE into multivariate analysis with the

data all retrieving after the year of 2011, is demonstrated in
Table S3.
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TABLE 2 Multivariate analysis of factors associated with each endpoints
S OS CSS LRFS DMEFES
characteristics HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Sex
Male Ref Ref Ref Ref
Female 0.85 (0.74-0.97)  .020  0.93 (0.81-1.08) 359 0.82 (0.67-0.99) 045 0.89 (0.67-1.18) 443
Age
<40 Ref Ref Ref Ref
40-49 0.97 (0.86-1.10)  .621 0.95 (0.83-1.08) 416 1.01 (0.86-1.19) .938 0.92 (0.73-1.17) .507
50-59 0.95 (0.84-1.07) 411 0.89 (0.78-1.01) .077 0.92 (0.78-1.08) 316 0.84 (0.67-1.07) 159
60-69 1.09 (0.96-1.25)  .198 0.96 (0.83-1.11) .588 0.83 (0.69-1.00) .050 0.70 (0.53-0.92) 011
>70 1.48 (1.26-1.73) <.001 1.22 (1.02-1.46) 026 0.84 (0.66-1.06) 142 0.94 (0.66-1.34) 746
Disease characteristics
Site of disease
Buccal mucosa Ref Ref Ref Ref
Lip 0.92 (0.72-1.15) 469 0.94 (0.72-1.20) .639 0.94 (0.68-1.26) .679 0.77 (0.44-1.25) 321
Oral tongue 1.10 (1.01-1.19)  .027 1.06 (0.97-1.16) 202 0.98 (0.88-1.10) 794 0.99 (0.83-1.17) .899
Gum 0.86 (0.77-0.96)  .005  0.85 (0.75-0.95) 006  0.88 (0.75-1.02) .08 0.85 (0.68-1.06) 151
Floor of Mouth 0.95 (0.79-1.12) 541 0.82 (0.66-1.00) .052 0.45 (0.32-0.62) <.001 1.00 (0.70-1.39) 993
Hard palate 1.16 (0.94-1.42) .160 1.15 (0.91-1.44) 232 1.29 (0.96-1.69) .081 0.93 (0.54-1.48) 766
Other parts of 1.07 (0.94-1.21) .305 1.03 (0.90-1.18) .655 1.10 (0.93-1.30) 271 0.92 (0.70-1.19) 531
Mouth
Pathologic AJCC stage
Stagel Ref Ref Ref Ref
Stage2 1.03 (0.84-1.28) 778 1.08 (0.84-1.39) 557 1.09 (0.85-1.41) 501 1.80 (0.79-4.87) .199
Stage3 1.41 (1.16-1.72) <.001 1.51 (1.21-1.91) <.001 1.32 (1.04-1.68) 023 4.17 (1.99-10.75) <.001
Stage4 2.10 (1.76-2.54) <.001  2.44 (1.98-3.05) <.001 1.55 (1.24-1.95) <.001 9.19 (4.49-23.37) <.001
Grade
Well differentiated Ref Ref Ref Ref
Moderately 1.26 (1.16-1.38) <.001 1.26 (1.15-1.39) <.001 1.16 (1.04-1.31) 010 1.75 (1.43-2.15)  <.001
differentiated
Poorly or 1.81 (1.61-2.03) <.001 1.84 (1.62-2.08) <.001 1.59 (1.35-1.87) <.001 2.55(1.99-3.28) <.001
Undifferentiated
Unknown 1.33 (0.99-1.75) .051 1.43 (1.04-1.92) .021 1.57 (1.07-2.23) 015 0.95 (0.40-1.90) .897
Margin
Negative Ref Ref Ref Ref
Positive 1.60 (1.44-1.77) <.001 1.61 (1.44-1.80) <.001 1.47 (1.25-1.71) <.001 1.13 (0.88-1.44) 318
Treatment parameters
Treatment type
OP->RT Ref Ref Ref Ref
OP->CCRT 1.07 (0.98-1.16) .146 1.10 (1.00-1.21) .052 0.83 (0.74-0.93) .001 1.55 (1.27-191)  <.001
OP->RT + CT 1.03 (0.87-1.21) 743 1.04 (0.86-1.25) .655 0.81 (0.63-1.01) .072 1.13 (0.74-1.68) .550
CT->OP->RT 1.15 (0.89-1.46) 265 1.30 (0.99-1.68) 049 0.95 (0.67-1.32) 775 1.52 (0.85-2.53) 132
OP to RT interval (ORI)
0-4 wk Ref Ref Ref Ref
4-5 wk 0.92 (0.83-1.01) .088  0.92 (0.82-1.03) .155 0.97 (0.84-1.12) .672 1.13 (0.92-1.40) 244
5-6 wk 0.92 (0.83-1.01) .084  0.92 (0.83-1.03) 147 0.92 (0.81-1.06) 256 1.09 (0.89-1.33) 429

(Continues)
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TABLE 2 (Continued)

Paticnt OS CSS LRFS DMEFS

characteristics HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

6-7 wk 0.98 (0.86-1.11) 137 0.95 (0.83-1.09) 487 1.05 (0.88-1.25) .552 1.03 (0.78-1.35) .823

>7 wk 1.07 (0.96-1.20) 209 1.09 (0.97-1.24) 148 1.16 (0.99-1.35) .061 0.98 (0.76-1.26) .853
RT treatment time (RTT)

0-6 wk Ref Ref Ref Ref

6-7 wk 0.95 (0.85-1.07) 436 0.97 (0.86-1.11) .685 1.02 (0.87-1.20) .806 0.94 (0.73-1.22) .642

7-8 wk 1.12(0.98-1.27)  .102 1.14 (0.98-1.32) .086 1.28 (1.07-1.53) .008 1.11 (0.84-1.48) 479

>8 wk 1.40 (1.21-1.61) <.001  1.46 (1.25-1.70) <.001 1.57 (1.28-1.91) <.001  0.93 (0.67-1.29) .660
RT dose

45-50 Gy 2.02 (1.57-2.56) <.001  2.00 (1.50-2.62) <.001 1.44 (0.93-2.13) .085 1.46 (0.66-2.82) .299

50-60 Gy Ref Ref Ref Ref

60-70 Gy 1.11 (1.00-1.23)  .042 113 (1.01-127)  .039  1.08(0.95-125) 250  1.28 (1.02-1.62) 039

>70 Gy 1.28 (1.08-1.52)  .004  1.34 (1.11-1.61) .002 1.33 (1.05-1.68) 015 1.72 (1.19-2.47) .004

AJCC, American joint committee on Cancer; CCRT, concurrent chemoradiation therapy; CI, confidence interval; CT, chemotherapy; CSS, cancer-specific survival;
DMES, distant-metastasis free survival; HR, hazard ratio; LRFS, local-regional free survival; OP, operation; ORI, OP-RT interval; OS, overall survival; RT,

radiotherapy; RTT, RT treatment time.
Boldface indicates P < .05

3.3 | Treatment parameters related to
survival analysis

The Kaplan-Meier survival curves of 5-year OS and LRFS
according to RTT and RT dose were shown in Figure 3. In the
multivariate analysis of treatment parameters and survival,
treatment by adjuvant CCRT after surgery was identified
as a good predictor in LRFS (HR: 0.83; 95% CI: 0.74-0.93;
P < .01). For ORI, only a waiting time over 7 weeks showed
a tendency toward having an adverse effect on LRFS (HR:
1.16;95% CI: 0.99-1.35; P = .06). The adverse effect of RTT
gradually increased where treatment time exceeded 7 weeks.
RTT between 7 and 8 weeks had significantly detrimental ef-
fects on LRFS (HR: 1.28; 95% CI: 1.07-1.53; P < .01) while
RTT >8 weeks compromised not only the LRFS (HR: 1.57;
95% CI: 1.28-1.91; P < .001) but also the OS (HR: 1.40; 95%
CI: 1.21-1.61; P < .001) and CSS (HR: 1.46; 95% CI: 1.25-
1.70; P < .001). Neither ORI nor RTT were significantly re-
lated to DMES (Table 2).

An RT dose ranging from 50 to 60 Gy had the best OS,
followed by a range between 60 and 70 Gy. A dose less than
50 Gy or higher than 70 Gy, had the largest negative impact
on both OS and CSS. Furthermore, a dose higher than 70 Gy
also showed a significant negative impact on LRFS and
DMES (Table 2).

34 |

Two thousand four hundred and ten patients (26.8%) had a
documented relapse of disease. In these patients, local and
regional relapse without metastasis was coded as the first

Disease failure pattern

failure site in 1602 cases (17.8%) while distant metastasis
only was coded in 593 cases (6.6%). Simultaneous local/
regional and metastasis was coded in 215 cases (2.4%).
Detailed results of first failure pattern are listed in Table S2.

4 | DISCUSSION

This study, to the best of our knowledge, analyzed the largest
patient cohort yet, as it included 8986 patients with primary
resected OSCC receiving adjuvant RT to find the impact of
different factors in prognosis. Unlike most of the historical
analysis of mixed head and neck cancer, we focused on a
homogeneous patient series with primary resected OSCC,
followed by adjuvant RT, to avoid confounding interaction
between different origins of head and neck cancer.

ENE and positive surgical margins were both identified
as major risks to survival in our results. These findings were
compatible with most of the results in previous head and
neck studies, and the conclusions drawn by the vast majority
of authors.”'" Also, greater age was thought to be associated
with poorer survival outcomes in many studies.'"'? Our
study demonstrated a poorer outcome in age >70 groups,
and this was generally in line with the poor health condi-
tion, complex comorbidities, more likelihood of being in
an advanced stage and poor tolerance of treatment in these
patients.

In our study, males showed worse survival rates on OS and
LRFS than female patients. Honorato et al'* demonstrated a
lower cumulative 5-year OS in males by examining 477 re-
sected OSCC patients, although the difference didn’t achieve
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FIGURE 3 Kaplan-Meier plots of the 5-y overall survival (OS) and local-regional free survival (LRFS) stratified by treatment parameters.

OS according to radiotherapy treatment time (panel A) and according to radiotherapy dose (panel B); LRFS according to radiotherapy treatment
time (panel C) and according to radiotherapy dose (panel D)

statistical significance (P =.25). Similarly, Garavello et al
reviewed 142 male and 71 female patients with OSCC. More
cancer-related deaths were observed in men (39%) than in
women (32%) (OR: 0.76; 95% CI: 0.42-1.38), however, the
5-year PFS and OS were similar (P =.31 and P = .34).14
Although gender did not seem to be a significant determinant

of survival in these studies, which could be accounted for by
the relatively small study population, our large group analysis
reinforced that males have a poorer prognosis for survival.
Subsites for oral cancer have been recognized as a prog-
nostic factor in some studies. Leite etal'”> demonstrated
a higher mortality rate in tongue cancer than in lip cancer
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(mean survival time 25.4 vs 44.6 months; P < .01). Data
from 11 cancer registries in Germany also showed a better
survival for lip cancer, than for patients with tongue cancer
(86.5% vs 48.1%).15 We also found that worse outcomes were
observed in oral tongue subsites, and a better prognosis in
gums, compared to other subsites. This could be explained
by rich lymphatic drainage and relatively difficult access in
evaluation of the oral tongue over other OSCC subsites.

The histologic grading system was not incorporated into
the current staging criteria because of its failure to predict
prognosis in some historical data.'® In contrast, several
studies demonstrated that histologic grade was a significant
prognostic predictor which was better than tumor size, nodal
status, or margin status.'”'® In this study, the histologic grade
revealed statistically significant impact in all of the outcomes,
much as the AJCC staging system did. Thus, histologic grade
should be considered essential additionally to the staging sys-
tem, when making clinical decisions.

The overall treatment time, which included the interval be-
tween surgery and postoperative RT (ORI) and the duration of
whole RT course (RTT), showed significant impact on both
local control and survival in advanced head and neck cancer
patients treated with surgery and RT in a randomized trial. ¥ In
that trial, the 5-year actuarial LRC rates for <11 weeks vs 11-
13 weeks vs >13 weeks were 76%, 62% and 38% (P = .002)
and the survival rates were 48%, 27%, and 25%, respectively
(P =.03). The author suggested the entire treatment duration
should be controlled to take less than 13 weeks. Using this,
our study further illuminated the impact on the outcomes by
investigating ORI and RTT separately.

Systematic review of ORI showed a significantly higher
local recurrence rate in postoperative head and neck cancer
patients whose ORI was over 6 weeks vs those less than
6 weeks (odds ratio = 2.89; 95% CI, 1.60-5.21).%° The au-
thors then concluded that the interval between surgery and
start of RT should be as short as possible. The National
Comprehensive Cancer Network (NCCN) then took the
recommendation that the interval between resection and
postoperative RT should be <6 weeks. Conversely, in a
case series conducted by the Memorial Sloan Kettering
Cancer Center, accessing 111 advanced head and neck can-
cer patients treated with surgery followed by adjuvant RT,
there was no significant difference in loco-regional con-
trol between patients ORI <6 weeks and ORI > 6 weeks
(P = .11). Even with analysis which divided the ORI cutoff
points at 4, 5, 7 to 11 weeks, no significant results were
found.?! A recent National Cancer Database (NCDB) anal-
ysis also studied the impact of different timeframe of ORI
on overall survival by accessing 41 291 head and neck SCC
patients who undergoing surgery and adjuvant RT. They
concluded that there was no survival benefit to start RT
earlier within 6 weeks, but only small progressive survival
decrements were noted once ORI beyond 7 weeks.”> Our
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result of ORI was compatible with the NCDB analysis,
which showed no significant effects within the recom-
mended 6-week timeframe.

As for RTT, several studies demonstrated that protracted
radiation treatment time would compromise outcomes due to
concern about cancer cell repopulation. Withers et al® pro-
vided the first clinical evidence that if duration of RTT was
prolonged in head and neck cancer, an average increase dose
of 0.6 Gy/day was required to compensate for the observed
local control loss. Fowler et al** conducted a systemic review
for head and neck cancer patients treated with definitive RT
and demonstrated a median value of 14% (range 3%-25%)
of local control loss per week of RTT. In the postoperative
setting, a retrospective series also demonstrated that a shorter
RTT (<6 weeks) was found to be associated with higher rates
for LRC (P = .0004), DFS (P = .0029), and OS (P = .006) in
resected OSCC patients.25

Intriguingly, in our multivariate analysis, ORI did not
seem to be an obviously significant prognostic factor,
while RTT did show a significant impact on the endpoints
when RTT >7 weeks. It could be explained by the finding
that tumor clonogens specifically accelerated their prolif-
eration once RT was implemented, which affected the out-
comes in squamous cell carcinoma of the head and neck.
This phenomenon has been shown in both literature over-
views?? and in randomized controlled trials.?® Furthermore,
by means of the improvements in radiation technique, risks
associated with delays in initiating RT might be mitigated.
Taken together, there would be more flexibility to get
better control of the postoperative issues (eg poor wound
healing, postoperative complication, or infection) before
starting adjuvant RT in recent era. However, unreasonable
delay should still be avoided as there was a trend of adverse
impact on LRFS when ORI was delayed for more than
7 weeks. Once the RT started, the whole course should be
completed within 7-8 weeks as far as possible.

The appropriate dose of RT was also surveyed. A pro-
spective randomized study demonstrated that the adequate
dose for postoperative RT was 57.6 Gy for patients with
low risk and 63 Gy for high risk head and neck cancer,
with a fraction size of 1.8 Gy/day. Increasing the dose
didn’t significantly improve tumor control.”’ Both RTOG
9501 and EORTC 22931 used doses of 60-66 Gy with frac-
tion size 2.0 Gy/day in postoperative RT settings for high-
risk squamous-cell carcinoma of the head and neck.?
Similarly in our analysis, doses less than 50 Gy or higher
than 70 Gy, had a significantly detrimental impact on the
outcome.

This study has several strengths over previous stud-
ies. First, our analysis included a large number of homo-
geneous patients with resected OSCC who then received
adjuvant RT. It was more specific than the heterogeneous
groups in previous historical data, which included all
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entities of head and neck cancer. Second, with the largest
population of resected OSCC from the TCR database, the
potential for confounding results due to the small size of
the study group could be avoided. Third, by virtue of ac-
cess to fuller information from the TCR including date and
type of first recurrence, cancer status, and cause of death,
the endpoints of LRFS, CSS, and DMFS could also be an-
alyzed beyond OS.

There are some limitations for our study. First, the TCR
data was from Taiwan, which thus is subject to geographic
bias. Second, the TCR only recorded the first relapse data
regardless of further failure after the first relapse, which
would underestimate the actual relapse rate of all the pa-
tients in this data-base analysis. Third, as in any previous
database study, our study inevitably included existing con-
foundings, coding errors, selection bias, and missing data.
However, these can be ameliorated with continued dedica-
tion to accurate and complete information input, to lower
factors which may bias analysis, making the TCR data-
base a valuable resource for such studies.® Furthermore,
some established variables, including smoking, alcohol
consumption, betel nut chewing history, depth of invasion,
lymphovascular infiltration, perineural infiltration as well
as precise surgical or radiation technique, could only be
accessible in TCR database after 2011. We chose not to in-
corporate these variables in current study because of small
size with not enough follow-up time, which could lead to
insufficient statistical power. Future works will be done
and will elucidate the further outcomes once the follow-up
time is long enough for incorporating all additional vari-
ables accessed since 2011.

5 | CONCLUSIONS
Through the use of this large national cancer registry, pa-
tients’ gender, age, cancer subsites, tumor stage, histologic
grade, margin, and ENE status were found to be associated
prognostic factors in patients with resected OSCC receiving
adjuvant radiotherapy. The waiting time from surgery to start-
ing adjuvant RT did not show a significant impacts on sur-
vival, while RTT > 8 weeks and extreme RT dose (>70 Gy
or <50 Gy) were independently identified as significant pre-
dictors for poor prognosis. These results suggest that effort
should be made to ensure that patients with resected OSCC
should complete their adjuvant RT course within 8 weeks,
with sufficiently adequate doses to avoid potentially detri-
mental outcomes.
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